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PATHOLOGY AND PATHOGENESIS OF
CONGENITAL TOXOPLASMOSIS*

J. K. FRENKEL, M.D., Ph.D.
Professor, Department of Pathology and Oncology

University of Kansas School of Medicine
Kansas City. Kans.

SYMPTOMATIC toxoplasmosis may be seen in one of several stages,
accompanied by different lesions and clinical pictures, depending

on when it has been transmitted in utero and on the time after which
diagnosis is made postnatally. Asymptomatic infection may also be
accompanied by some lesions which may lead to symptoms later. I shall
describe the two stages of Toxoplasma involved, then the immunologic
mechanisms which differ in the fetus and the newborn. This will be
followed by a description of the four mechanisms by which lesions are
produced. The paper will conclude with a description of the clinical
pictures seen in children and the underlying lesions and pathology.

MICROBIAL FACrORS

Toxoplasma occurs in human tissues in two forms: i) the tachyzo-
ites and 2) the bradyzoites.1 The term tachyzoites replaces proliferative
forms and trophozoites (feeding forms), which apply to many stages.
Bradyzoites replaces merozoites, which could be applied also to the
enteroepithelial forms in the feline intestine. Tachyzoites are actively
multiplying organisms which destroy infected cells, probably as a result
of their competition with vital cell processes. Various numbers of intra-
cellular tachyzoites are present in vacuoles of the host cell, and they can
conveniently be designated as the "group" stage. Group is used in order
to avoid the imprecise term pseudocyst, which has also been used as a
synonym of cyst. Tachyzoites liberated from cells enter new cells and
usually resume active multiplication.

The bradyzoites are slowly multiplying organisms which accumu-
late PAS-positive storage material and become surrounded by an
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argyrophilic membrane, forming the "cyst" stage. Cysts usually per-
sist for a long time-months or years-and maintain the chronic stage of
infection. The transition from the group to the cyst stage is gradual
and is usually associated with a degree of immunity (see accompanying
figure).

IMMUNITY

We know nothing about the basis of natural resistance. However, it
has been shown that both cells and antibody participate in immunity to
toxoplasmosis.2 From studies conducted in animals and from comparison
of the transfer of cells and serum, it is inferred that cells can protect but
antibody merely delays death.3 Also, clinical and experimental studies of
corticosteroids indicate that the presence of antibody is not sufficient,
and that the effect of corticosteroids on lymphoid cells or macrophages
impairs the expression of immunity.4

Immunity is achieved quickly in immunocompetent individuals such
as the mothers of toxoplasmic babies. In comparison, their infants, who
often suffer a protracted illness, exhibit varying degrees of immunologic
deficiency. This is true although the majority of babies at birth have a
level of antibody similar to that of their mothers. What was not trans-
ferred was cellular immunity.

The fact that some congenitally infected babies have no or little ill-
ness5 suggests that they can develop a degree of immunity. It is also
reasonable to suspect that some of these children are protected better
in utero when exposed to maternal IgG than after birth, until eventually
their cellular immunity becomes effective.
A second fact is that children as well as adults may show a degree

of infection in the brain and eye that differs from the degree of infection
in the extraneural viscera. This is clinically important and gives insight
into the manner in which immunity is developed. If one follows the re-
duction in numbers of Toxoplasma and of lesions in animals recovering
from infection, one finds that organisms diminish first in the blood, then
in the extraneural tissues, and last in the brain and eye.

Antibody does act on extracellular organisms that are free in the
bloodstream or the extracellular fluid. It is known, also, that lymphoid
cells act on macrophages, rendering them specifically immune.6 How-
ever, it is not clear how tissue cells in which Toxoplasma multiplies be-
come immune. By whatever mechanisms host cells become immune, they
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first make their appearance in the extraneural viscera and later in the
brain and eye. By the same token, when immunosuppression has been
induced by drugs, recurrent proliferation of Toxoplasma occurs most
often in the brain and the retina. This refers to patients treated with
corticosteroids or with cytostatic agents such as are employed after organ
transplants or treatment of lymphoid neoplasms.7

HYPERSENSITIVITY

Hypersensitivity is indicated by the exaggerated inflammatory reac-
tion in the sensitized host when compared to the inexperienced host.
Immediate hypersensitivity, dependent on antibody, operates in the gene-
sis of the periventricular zone of necrosis, to be discussed below. Delayed
hypersensitivity is closely related to the presence of lymphoid cells. It
gives rise to the necrosis of uninfected cells and to the exaggerated in-
flammatory reaction which follows rupture of cysts during chronic
infection. Few if any Toxoplasmia liberated by cyst rupture enter new
cells or proliferate, which is a sign of immunity. In summary, the degree
of hypersensitivity is indicated by the tissue damage following the re-
lease of antigen; the degree of immunity is shown by the limitation of
microbial growth or numbers.

LESIONS

Basically, we can distinguish lesions resulting from i) the destruction
of parasitized cells, mainly by tachyzoites, 2) tissue necrosis from rupture
of cysts, and 3) infarction necrosis due to vascular involvement by mech-
anisms I and 2. 4) The brains of children with neonatal toxoplasmosis
also show periaqueductal and periventricular vasculitis with necrosis.8-11

Destruction of parasitized cells by tachyzoites is the first mechanism
by which lesions are produced. This is especially damaging to tissues
such as the brain, the eye, and muscles, in which the cells do not regen-
erate. However, if the destroyed cells are replaced, as in lymphoid, epi-
thelial, and connective tissue, or in liver and lung, lesions may not be
conspicuous. Inflammatory reaction usually consists of lymphocytes,
monocytes, and macrophages, with varying numbers of polymorpho-
nuclear and sometimes plasma cells. In the brain microglial nodules are
formed. In the event of extensive loss of cells or tissues, repair occurs
by fibrosis and in the brain by gliosis.

Tissue necrosis following rupture of cysts usually occurs during
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chronic infection in the presence of both immunity and delayed hyper-
sensitivity. Most or all of the bradyzoites liberated by rupture are de-
stroyed by immune processes. In spite of this, there is often necrosis of
cells adjacent to the parasitized one, a manifestation of hypersensitivity.
(The degree of hypersensitivity is indicated by tissue damage from anti-
genic release, the degree of immunity by the limitation of microbial
growth or numbers.) Cysts persist in many organs, but when intact are
of little significance. Likewise, rupture of cysts in liver or lymphoid
tissue may be of little importance, since destroyed cells can be replaced.
Even in the myocardium and brain, the rupture of a few cysts is usually
not accompanied by symptoms because of the functional reserve that
resides in the remaining cells. However, rupture of cysts in the retina
is often symptomatic, since function is highly concentrated; the loss of
a section of retina gives rise to a scotoma, and the inflammatory reaction
in the vitreous obscures vision.

Infarction necrosis due to vascular involvement is not regularly pres-
ent. It depends on the accidental involvement of a vessel by a paren-
chymal lesion which gives rise to thrombosis and infarction. Such
lesions are particularly apparent in the brain since necrotic tissue in
babies is prone to calcify; the focal lesion in the cerebral cortex of
a baby may be so large that the calcified necrotic area becomes visible
in roentgen films.

Periaqueductal and periventricular necrosis has been observed after
intrauterine infection only, where there is significant parasitization of
the brain.8-11 Toxoplasrna enters the ventricular system from parenchy-
mal lesions and is disseminated there. It parasitizes ependymal cells
and subependymal tissue, producing inflammation and causing small
ulcers. If the aqueduct of Sylvius, the narrowest part of the ventricular
system, becomes obstructed, the lateral and third ventricles are trans-
formed into something like an abcess cavity, which contains accumu-
lations of Toxoplasma, antigenic material, and inflammatory cells. Now
another process begins. The antigenic ventricular fluid seeps through
the ependymal ulcers into the subependymal tissue, coming in contact
with blood vessels that carry antibody. The latter is transferred pas-
sively from the mother and is also elaborated by the fetus prior to birth.
The blood vessels first show cellular infiltration of the Virchow-Robin
spaces, then swelling of the cells in the vessel wall, and leakage of
protein-rich fibrin (especially from the arteries). Finally the vessels
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may become thrombosed. This unusual lesion is interpreted as an
antigen-antibody reaction. That it is not the product of a toxic factor
is shown by the presence of granulation tissue in the ventricular lumen,
arising from the walls of some of the large arteries which traverse the
periventricular zone of necrosis. This granulation tissue, although its
vascular spaces are usually empty, is undamaged. Apparently the fluid
in the ventricles is not toxic to cells.

The amount of necrotic tissue is disproportionately large compared
to the number of Toxoplasma-containing cells, and is attributed to
thrombosis. The necrotic brain tissue autolyzes and is gradually
sloughed into the ventricles, from which it can be aspirated. The pro-
tein content of this ventricular fluid is high, often in the range of grams
per cent. Skin tests in sensitized guinea pigs have shown that it contains
antigen.8-"1

Meanwhile, the inflammation in the unobstructed fourth ventricle,
drained by the foramina of Luschka and Magendie, is minor. Ependy-
mal ulcers are not accompanied 'by vascular reaction. The spinal fluid
which communicates with the fourth ventricle usually contains only
hundreds of milligrams per cent of protein and fewer inflammatory
cells than the lateral ventricles. These lesions are illustrated and de-
scribed in greater detail elsewhere.9-1"

PATHOGENESIS OF CLINICAL PICTURES IN CHILDREN WITH

CONGENITAL ToxOPLASMOSIS

Commonly a new syndrome is recognized from fatal cases detected
by pathologists. Then patients with lesser degrees of disease are traced.
Finally, after the development of diagnostic techniques, asymptomatic
infections are detected. In this instance the perceptive pathologists were
Doctors Abner Wolf and David Cowen of the Columbia Medical
Center in New York City who, 35 years ago, started to describe five
children with toxoplasmic encephalitis.'2-' These authors also observed
the survival of children with congenital toxoplasmosis.17 In most of these
children, encephalitis was preponderant; but in one of their patients
the lesions were generalized.'6 The technique which first permitted
diagnosis of toxoplasmosis as an infection, irrespective of a clinical pic-
ture, was the dye test developed by Sabin and Feldman'8 25 years ago.
This test was based on a new phenomenon, which specifically and
sensitively detected the presence of antibody and provided a tool with
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which the broad range of manifestations of toxoplasmosis, including
asymptomatic infection, could be recognized.

Transmission. Toxoplasmosis is usually acquired by mouth, either
from cysts in meat or via oocysts from cats and soil. The fetus is
infected parenterally via the umbilical vein, and organisms from the
placenta19, 20 reach the liver first. From the various portals of entry
there is dissemination by way of the bloodstream and the lymphatics.
The organisms lodge in many organs, producing small lesions.6' 21-23

Manifestations such as pneumonia and myocarditis are readily explained
by the destruction of tissue cells by Toxoplasma. However, to produce
jaundice, encephalitis, and retinochoroiditis the pathogenesis is complex.

Jaundice may be prominent; it is attributed to hepatitis and to
hemolytic phenomena. This is part of acute toxoplasmosis. The hepa-
titis may be of the giant-cell variety seen in newborn children and be-
lieved to be due to a variety of causes.24 Hemolysis has been shown to
play an additional role. In several instances the diagnosis of erythroblas-
tosis was made in addition to that of visceral toxoplasmosis.22-25 Toxo-
plasmosis may resemble cytomegalovirus disease, from which it should
be differentiated.26' 27

Encephalitis is at first disseminated. Lesions consist of numerous
glial nodules similar to those encountered in certain viral encephalitides.
As mentioned already, immunity is acquired more slowly in the central
nervous system than in the extraneural viscera. One often sees progres-
sive lesions in the brain and eye, together with subsiding pneumonia
and hepatitis." Encephalitis may progress slowly, especially in an in-
fant. Such a child may be premature, in any case less immunocompe-
tent than his mother. This is why some babies who have asymptomatic
encephalitis at birth may develop intellectual deficits later,28 or even
cerebral calcifications.29 In the presence of moderately severe encepha-
litis, a microglial nodule may involve the ependyma and seed Toxo-
plasma into the ventricular system. This intraventricular dissemination
leads to parasitization of many ependymal cells, ulceration of the ven-
tricular lining, and obstruction of the aqueduct of Sylvius. Periventricu-
lar lesions may form; their pathogenesis has been described above and is
illustrated elsewhere.9-1' 30 These lesions are very destructive and almost
always produce symptoms. The tetrad of signs-convulsions, cerebral
calcification, internal hydrocephalus, and retinochoroiditis-has been
ascribed to this lesion by Sabin.3" If hydrocephalus is present, the ven-
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tricular fluid often contains grams rather than milligrams of protein per
I 00 ml., whereas the spinal fluid contains only hundreds of milligrams per
ioo ml. In such cases, the diagnosis of toxoplasmosis is probable if men-
ingitis caused by E. coli can be excluded by smear or culture. Fluid
from the distended ventricles is most useful for diagnostic purposes,
since it contains Toxoplasma which can be recovered in animals and
antigen which can be demonstrated-as well as a high-protein content
which is almost diagnostic.

In view of the aqueductal obstruction, such children develop hydro-
cephalus and extensive cerebral destruction. Necrotic brain tissue often
calcifies and becomes visible in x-ray films. Involvement of the hypo-
thalmus around the third ventricle can lead to instability of body tem-
perature.

Retinochoroiditis usually accompanies severe neonatal toxoplasmo-
sis. It may also appear in older children and adults who had no symptoms
at birth, although not all such lesions should be ascribed to congenital
infection. Since function is so highly concentrated in the retina, even a
small lesion can be clinically significant, especially when it is in or near
the macula.32 In children who died with congenital toxoplasmosis, active
and healed lesions have been observed. Histologically, tachyzoites and
cysts were seen."' 22, 3 Most of the lesions in these infants appear to
have resulted from tachyzoites; the lesions are larger than those in older
children and adults. The persistence of cysts in the retina, even in chil-
dren who showed few symptoms in the first year of life, predisposes
to lesions later on; occasionally these progress to blindness and glau-
coma.29 In contrast, most of the lesions observed in children and adults
are of the cyst-rupture type. They are sudden in onset and usually
heal, apparently because of immunity. However, the use of corticos-
teroids can lead to immunosuppression, the proliferation of tachyzoites,
and progressive lesions unless prevented by sulfadiazine and pyrimetha-
mine or other suppressive treatment.

SUMMARY

The pathogenesis of congenital toxoplasmosis is basically similar to
that of the adult form. However, because of prematurity and the gen-
eral immunologic immaturity of infants, the lesions may be more
severe. This is apparent when infected children are compared with
their mothers who are infected with the same strain of Toxoplasma;
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in spite of the transfer of antibody from the mother to the infant in
utero, the infection in the neonate is more severe. This is probably due
to deficiency in the cellular immunity acquired, and related to
biologic immaturity. As a consequence, the infection remains active
longer in the neonate. This allows greater parasitization of the brain
and eye, which acquire immunity more slowly than the extraneural
viscera. Actually, toxoplasmosis of the central nervous system and
eye may progress silently. Frank encephalitis with hydrocephalus and
periventricular necrosis may also develop. The latter lesion results from
an antigen-antibody reaction in vivo.

REFEREN CES

1. Frenkel, J. K.: Toxoplasmosis: Parasite
Life Cycle, Pathology, and Immunol-
ogy. In: The Coccidia, Eimeria, Iso-
spora, Toxoplasma, and Related Geen-
era, Hammond, D. M. and Long, P. L.,
editors. Baltimore, University Park
Press, 1973, pp. 343-410.

2. Frenkel, J. K.: Adoptive immunity to
intracellular infection. J. Immunol. 98:
1309-19, 1967.

3. Frenkel, J. K. and Wilson, H. R.: Ef-
fects of radiation on specific cellular
immunities: Besnoitiosis and a herpes
virus infection of hamsters. J. Infect.
Dis. 125:216-30, 1972.

4. Frenkel, J. K. and Lunde, M. N.: Ef-
fects of corticosteroids on antibody and
immunity in Besnoitia infection of
hamsters. J. Infect. Dis. 116:414-24,
1966.

5. Alford, C. A., Stagno, S., and Reynolds,
D. W.: Congenital toxoplasmosis: Clini-
cal, laboratory and therapeutic consider-
ations, with special reference to sub-
clinical disease. Bull. N. Y. Acad. Med.
50:160-81, 1974.

6. Hoff, R. L. and Frenkel, J. K.: Cell-
mediated immunity against Besnoitia
and Toxoplasma in specifically and
cross-immunized hamsters and in cul-
tures. Submitted for publication.

7. Frenkel, J. K., Nelson, B., and Arias-
Stella, J.: Inmmunosuppression and toxo-
plasmic encephalitis: Clinical and experi-
mental aspects. Submitted for publica-
tion.

8. Frenkel, J. K.: Pathogenesis, diagnosis
and treatment of human toxoplasmosis.
J.A.M.A. 140:369-77, 1949.

9. Frenkel, J. K.: Toxoplasmosis. Mech-
anisms of infection, laboratory diagno-
sis and management. Curr. Top. Path.
54:28-75, 1971.

10. Frenkel, J. K.: Toxoplasmosis. In:
Pathology of Protozoal and Helminthic
Diseases, Marcial-Rojas, R. A., editor.
Baltimore, Williams & Wilkins, 1971,
pp. 254-90.

11. Frenkel, J. K. and Friedlander, S.:
Toxoplasmosis. Pathogenesis of Neo-
natal Disease. Pathogenesis, Diagnosis,
and Treatment. Public Health Service
Publication No. 141. Washington, D.C.,
Govt. Print. Off., 1951.

12. Wolf, A. and Cowen, D.: Granuloma-
tous encephalomyelitis due to an en-
cephalitizoon (encephalitozoic encepha-
lomyelitis). A new protozoan disease of
man. Bull. Neurol. Inst. N.Y. 6:306-71,
1937.

13. Wolf, A. and Cowen, D.: Granuloma-
tous encephalomyelitis due to a proto-
zoan (Toxoplasma or Encephalitozoon).
II. Identification of a case from the
literature. Bull. Neurol. Inst. N.Y. 7:
266-90, 1938.

14. Wolf, A., Cowen, D., and Paige, B.:
Toxoplasmic encephalomyelitis. III. A
new case of granulomatous encephalo-
myelitis due to a protozoon. Amer. J.
Path. 15:657-94, 1939.

15. Wolf, A., Cowen, D., and Paige, B. H.:

Bull. N. Y. Acad. Med.



PATHOLOGY AND PATHOGENESIS I 9 I

Toxoplasmic encephalomyelitis. IV. Ex-
perimental transmission of the infection
to animals from a human infant. J.
Exp. Med. 71:187-214, 1940.

16. Paige, B. H., Cowen, D., and Wolf, A.:
Toxoplasmic encephalomyelitis. V. Fur-
ther observations of infantile toxoplas-
mosis: Intrauterine inception of the
disease: Visceral manifestations. Amer.
J. Di8. Child. 63:474-514, 1942.

17. Cowen, D., Wolf, A., and Paige, B. H.:
Toxoplasmic encephalomyelitis. VI.
Clinical diagnosis of infantile or con-
gential toxoplasmosis: Survival beyond
infancy. Arch. Neurol. Psych. 48:689-
739, 1942.

18. Sabin, A. B. and Feldman, H.: Dyes as
microchemical indicators of a new im-
munity phenomenon affecting a proto-
zoon parasite (Toxoplasma). Science
108:660-63, 1948.

19. Driscoll, S. G.: Fetal infections in man.
In: Comparative Aspects of Reproduc-
tive Failure, Benirschke, K., editor.
New York, Springer, 1967, pp. 279-95.

20. Frenkel, J. K.: Toxoplasmosis. In:
Comparative Aspects of Reproductive
Failure, Benirschke, K., editor. New
York, Springer, 1967, pp. 296-321.

21. Pratt-Thomas, H. R. and Cannon, W.
M.: Systemic infantile toxoplasmosis.
Amer. J. Path. 22:779-95, 1946.

22. 'Zuelzer, W. W.: Infantile toxoplasmo-
sis. With a report of three new cases,
including two in which the patients
were identical twins. Arch. Path. 38:1-
19, 1944.

23. Steiner, G. and Kaump, D. H.: Infan-
tile toxoplasmic encephalitis: Report of
a case. J. Neuropath. Exp. Neurol. 3:
36-48, 1944.

24. Alexander, C. M. and Callister, J. W.:
Toxoplasmosis of newborn. Histologic
changes in mother's lymph node with
presumptive isolation of Toxoplasma
from mother's lymph node by mouse
passage. Arch. Path. 60:563-74, 1955.

25. Nelson, L. G. and Hodgman, J. E.:
Congenital toxoplasmosis with hemolyt-
ic anemia. Calif. Med. 105:454-57, 1966.

26. Kove, S., Dische, R., Goldstein, S., and
Wroblewski, F.: Pattern of serum
transaminase activity in neonatal jaun-
dice due to cytomegalic inclusion dis-
ease and toxoplasmosis with hepatic
involvement. J. Pediat. 63:660-63, 1963.

27. Mercer, R. D., Luse, S., and Guyton,
D. H.: Clinical diagnosis of generalized
cytomegalic inclusion disease. Pediatrics
11:505-14, 1953.

28. Saxon, S. A., Knight, W., Reynolds, D.
W., Stagno, S., and Alford, C. A.: In-
tellectual deficits in children born with
subclinical congenital toxoplasmosis. J.
Pediat. 82:792-97, 1973.

29. Hogan, M. J., Zweigart, P. A., and
Lewis, A.: Recovery of Toxoplasma
from a human eye. Arch. Ophthal. 60:
548-54, 1958.

30. Frenkel, J. K.: Die Pathogenese und
Behandlung der Toxoplasmose. World
Neurol. 2:1046-68, 1961.

31. Sabin, A. B.: Toxoplasmosis, a recent-
ly recognized disease of human beings.
Advances Pediat. 1:1-60, 1942.

32. Fair, J. R.: Clinical eye findings in
congenital toxoplasmosis. Survey Oph-
thal. 6:923-35, 1961.

33. Hogan, M. J.: Toxoplasmic chorioretin-
itis. Pacif. Coast Oto-Ophthal. Soc.
Trans. 28:83-100, 1947.

Vol. 50, No. 2, February 1974


